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ABSTRACT
The entire US economy got impacted heavily by COVID-19 in the past couple of years, but each
state is recovering—or not—with a different rate. For instance, some states were able to cope with
the consequences of initial job losses better than the others and some states are still lagging behind
in unemployment measures.
In this research, we propose to use unsupervised machine learning techniques (K-means
Clustering) in Python to find the patterns and associations among multiple input data sets that
might have caused different job recovery rates among all US States. These data sets include state
GDP per capita (1), share of different industries such as Education in state value generation (2),
education composition improvement (3), political view (4), unemployment rate in education
sector, overall unemployment rate (5) and COVID-19 death rate (6), before and after COVID19.
Results would provide insights to policymakers on how to plan better for future crises, especially
in states that suffered more at this time.

1. INTRODUCTION
1.1. Background
States and Local governments in the United States have responded to the COVID-19 pandemic
with a series of emergency declarations, the closure of schools and public gathering places,
lockdowns, and other restrictions which were different in each state. Compacts have been created
by various groups of states in an effort to coordinate some of their responses. California, Oregon,
and Washington states on the West Coast; Massachusetts, New York, New Jersey, Connecticut,
Delaware, Pennsylvania, and Rhode Island in the Northeast; and Michigan, Ohio, Wisconsin,
Illinois, Indiana, and Kentucky in the Midwest [1],[2],[3].
Results in public health had a correlation with state-level partisanship. Democratic-led states had
greater case rates than Republican-dominated states from the start of the pandemic through early
June 2020, however in the second half of 2020, Republican-driven states experienced higher case
and death rates than states led by Democrats. States with stricter regulations saw a reduction in
coronavirus cases and fatalities [4],[5].
Public health was not the only factor that was affected by the states’ policies in respond to the
pandemic. There were several areas which got affected differently among the states of the US
regarding the policies taken in respond to the pandemic which in this article we’re focusing on the
GDP per capita, employment rate, industries performance, education performance and legislative
control to measure their effect on the education employment rate in each state.

1.1. Significance
The COVID-19 outbreak, and subsequent economic repercussions caused substantial hardship.
During the initial months of the economic downturn, tens of millions of people lost their
employment. Although the labor market began to recover within a few months, unemployment

remained elevated into 2020. Improving employment and strong relief efforts contributed to a
decrease in the extremely high levels of hardship observed during the 2020 summer. Education
sector was one of the filed which was impacted considerably by the pandemic and consequently
the performance and employment rate in this field. In this project we investigated the effects of
the education performance, employment rate in education sector, general unemployment rate, GPD
per capita and legislative control among all states of the US in order to find out which states had
better performance overall.

1.3. Problem Statement
Covid-19 has had significant effects on students, families, and educators in terms of employment,
performance and physical and mental health. Similar to other sectors, education sector was greatly
impacted by the pandemic but the decrease in employment rate in this sector was a critical factor
in life of students and educators.

1.4. Hypothesis
Unsupervised machine learning is the method used in this project to provide different clusters of
States regarding their growth rate in GPD per capita, education performance, education
employment rate and overall unemployment rate in connection with their legislative control to find
out which states had a better performance compared to the others.

1.5. Delimitations
This project focuses on 5 important factors which had crucial effects on the employment rate in
education sector although there might be other factors effecting this rate which were not considered
for this project and there is a possibility that the results will be different by taking those factors
into effect.

2.REVIEW OF LITERATURE
Guido Matias Cortes and Eliza Forsythe in their “Supplemental Online Appendix Heterogeneous
Labor Market Impacts of the COVID-19 Pandemic” article, study the impact of the pandemic on
the changes in Employment by occupation and industries in the U.S. [6].
In the following image, we can see the Education sector in both figures is among the sectors which
got affected by the pandemic less than the others.

Figure 1 – Impact of the Pandemic on Year-on-Year Employment Growth Rates [6]

In this figure, they compared the effect of COVID-19 pandemic on the Education sector versus the
effect of Great Recession in 2007 in the U.S. Although the negative growth rate of pandemic is
more drastic compared to the great recession, however the recovery rate is also quicker which in
some areas like “High School”, the recovery was good enough to bring the rate out of negativity
and close to zero.

Figure 2 – Comparison of COVID Pandemic with Great Recession [6]

At the end in this figure, they compared the changes in Employment by Occupation and by
Industry in the following dates: Feb 2020, Apr 2020 and Feb 2021.

Figure 3 – Changes in Employment by Occupation [6]

Figure 4 – Changes in Employment by Industry [6]

3. METHODOLOGY
3.1 Definition
Machine Learning: A "Field of research that gives computers the ability to learn without being
explicitly taught," as Arthur Samuel defined it in 1959 [7], is known as Machine Learning. A more
formal definition was provided by Tom Mitchell in 1997 [8] and reads as follows: "A Computer
program is said to learn from an experience E with respect to some task T and some performance
measure P, if its performance on T, as measured by P, increases with experience E." Computers
can learn, adapt, and carry out the required tasks on their own thanks to a branch of artificial
intelligence (AI) known as machine learning (ML). ML algorithms are able to recognize patterns

in prior input and output and modify tasks accordingly. There are three main subcategories of
machine learning:
Supervised Learning: This technique trains models using labeled data that contains inputs and
corrected outputs.
Unsupervised Learning: This type of machine learning does not need labeled data instead
Unsupervised learning trains models using unlabeled data in which there is no known output
variable. In order to uncover patterns in the data, it uses algorithms. This technique is used to
cluster data points or look for anomalies.
Reinforcement Learning: Just like humans, algorithms in reinforcement learning must pick up
information from their surroundings. It receives benefits or penalties depending on the surrounding
circumstances.

3.2 Data
The dataset includes the growth rate of the following factors from all US States a year before and
after COVID-19 pandemic which are all raw and unlabeled data:
Per capita gross domestic product [9], Education overall performance [10], Education sector
employment rate [11], Overall Unemployment rate [12]. Legislative control [13] of each state is
provided in order to measure the decisions of the policymakers. The number of deaths [14] per
100,000 people by State over time due to the pandemic is another set of data used in this project.

Factors 1-5 are presented in the following table:

Figure 5(A)

Figure 5(B)

3.3 Application
Since there are no explicit labels attached to the training datasets of this project, the unsupervised
learning technique is the best fit for this project. With the training dataset, the goal is to derive
conclusions from the raw data and then analyze the underlying or hidden pattern and distribution
in the data to understand the data better. The most notable case of an unsupervised algorithm is Kmeans clustering used to find data object classes within a dataset that is used in this project.
Determining the optimal number of clusters into which data can be grouped is an essential step for
the unsupervised method. One of the common methods for determining the number of clusters is
the Elbow method which is used in this project. Plotting the explained variation as a function of
the number of clusters, the procedure entails choosing the elbow of the curve as the appropriate
number of clusters. Using K-means method in Python, the following figure was created inserting

the mentioned datasets using the elbow method which the curve suggests the number of clusters
as three.

Figure 6

The outcome of the K-means clustering, measuring all the factors and dividing data into three
clusters is shown in the following tables:

Figure 7 - First Cluster (21 States)

Figure 8 - Second Cluster (12 States)

Figure 9 - Third Cluster (17 States)

3.4 Analysis
By taking a mean average of each factor in the generated clusters, it can be learned that the Third
Cluster’s mean average improvement rate in GDP, Education Performance and Employment in
Education sector are higher (higher is better) than the other two clusters and the Unemployment
mean average improvement rate is lower (lesser is better). This is contrary in the second cluster
which compared to the other two clusters the mean average improvement rate in GDP, Education
Performance and Employment in Education sector are lower (higher is better) and the
Unemployment mean average improvement rate is higher (lesser is better). In the following
figures, clusters were plotted by comparing different two factors together to provide a better
understanding of the differences between clusters’ performance in different sections.

In these figures, the First Cluster color is shown in “Green”, the Second Cluster is shown in
“Purple”, and the Third Cluster is shown in “Yellow”.

Figure 10 – Education Performance vs GDP Improvement

Figure 11- Education Employment Rate vs GDP Improvement

Figure 12- Unemployment Rate vs GDP Improvement

Figure 12 – GDP Improvement vs Education Employment Rate

Figure 13 – Education Performance Improvement vs Education Employment Rate

Figure 14 – Unemployment Rate vs Education Employment Rate

The other dataset reviewed in this project was the “Death rates from COVID-19 in the United
States as of December 2022, by State” which the 10 states with the least amount of the deaths are
listed in the following figure.

Figure 15 – Last 10 States with the Least Amount of Death

Among these states, 4 states out of 10 are common with the Third Cluster (Nebraska, Colorado,
Oregon and Utah). This is another confirmation on the predicted model which suggests the
performance of the states in the Third Cluster were better than the other states in all the studied
areas.
Regarding the legislative control in the States, the majority of the states in the Third Cluster are
listed as Republican which might be another insight for policy makers to review the policies
taken by Republican in the studied areas in order to issue proper policies and take right decisions
in the future events similar to Covid-19 pandemic.
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